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Abstract
The production fractions of B0s and Λ
0
b hadrons, normalized to the sum of B
− and
B0 fractions, are measured in 13 TeV pp collisions using data collected by the LHCb
experiment, corresponding to an integrated luminosity of 1.67 fb−1. These ratios,
averaged over the b-hadron transverse momenta from 4 to 25 GeV and pseudorapidity
from 2 to 5, are 0.122±0.006 for B0s, and 0.259±0.018 for Λ0b , where the uncertainties
arise from both statistical and systematic sources. The Λ0b ratio depends strongly
on transverse momentum, while the B0s ratio shows a mild dependence. Neither
ratio shows variations with pseudorapidity. The measurements are made using
semileptonic decays to minimize theoretical uncertainties. In addition, the ratio
of D+ to D0 mesons produced in the sum of B0 and B− semileptonic decays is
determined as 0.359 ± 0.006 ± 0.009, where the uncertainties are statistical and
systematic.
To be published in Physical Review D Rapid Communications
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Knowledge of the fragmentation fractions of B0s (fs) and Λ
0
b (fΛ0b ) hadrons is essential
for determining absolute branching fractions (B) of decays of these hadrons at the LHC,
allowing measurements, for example, of B(B0s → µ+µ−) [1] and the future evaluation of
|Vcb| from Λ0b → Λ+c µ−νµ decays [2].1 Once these fractions are determined, measurements
of absolute branching fractions of B− and B0 mesons performed at e+e− colliders operating
at the Υ (4S) resonance can be used to determine the B0s and Λ
0
b branching fractions [3].
In this Letter we measure the ratios fs/(fu + fd) and fΛ0b/(fu + fd), where the denomi-
nator is the sum of B− and B0 contributions, in the LHCb acceptance of pseudorapidity
2 < η < 5 and transverse momentum 4 < pT < 25 GeV,
2 in 13 TeV pp collisions. These
ratios can depend on pT and η; therefore, we perform the analysis using two-dimensional
binning.
Much of the analysis method adopted in this study is an evolution of our previous
b-hadron fraction measurements for 7 TeV pp collisions [4]. We use the inclusive semilep-
tonic decays Hb → HcXµ−νµ, where Hb indicates a b hadron, Hc a charm hadron, and X
possible additional particles. Each of the different Hc plus muon final states can originate
from the decay of different b hadrons. Semileptonic decays of B0 mesons usually result in
a mixture of D0 and D+ mesons, while B− mesons decay predominantly into D0 mesons
with a smaller admixture of D+ mesons. Both include a tiny component of D+s K meson
pairs. Similarly, B0s mesons decay predominantly into D
+
s mesons, but can also decay into
D0K+ and D+K0 meson pairs; this is expected if the B0s meson decays into an excited
D+s state that is heavy enough to decay into a DK pair. We measure this contribution
using D0K+Xµ−νµ events. Finally, Λ0b baryons decay semileptonically mostly into Λ
+
c
final states, but can also decay into D0p and D+n pairs. We ignore the contributions
of b→ u decays that comprise approximately 1% of semileptonic b-hadron decays, and
contribute almost equally to all b-hadron species. The detailed equations relating these
yields to the final results are given in Ref. [4] and in the Supplemental material.
The theoretical basis for this measurement is the near equality of semileptonic widths,
ΓSL, for all b-hadron species [5] whose differences are predicted to precisions of about 1%.
The values we use for the individual Hb semileptonic branching fractions (BSL) are listed
in Table 1. The Hc decay modes used and their branching fractions are given in Table 2.
The ratio of D+ to D0 meson production in the sum of semileptonic B0 and B− decays,
f+/f0, is used to check the analysis method. This result can be related to models of the
hadronic final states in B− and B0 semileptonic decays [6].
The data sample corresponds to 1.67 fb−1 of integrated luminosity obtained with
the LHCb detector in 13 TeV pp collisions during 2016. The LHCb detector [7, 8] is a
single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for
the study of particles containing b or c quarks. The detector elements that are particularly
relevant to this analysis are: a silicon-strip vertex detector surrounding the pp interaction
region that allows c and b hadrons to be identified from their characteristically long flight
distance from the primary vertex (PV); a tracking system that provides a measurement
of the momentum, p, of charged particles, two ring-imaging Cherenkov detectors that are
able to discriminate between different species of charged hadrons, and a muon detection
system.
The online event selection is performed by a trigger [9] which consists of a hardware
1Mention of a particular decay mode implies the use of the charge-conjugate one as well.
2We use natural units where c = ~ = 1.
1
Table 1: Branching fractions of semileptonic b-hadron decays from direct measurements for B0
and B− mesons, (〈B〉 ≡ 〈B0 +B−〉), and derived for B0s and Λ0b hadrons based on the equality
of semileptonic widths and the lifetime ratios [3,5]. Corrections to ΓSL for B
0
s (−1.0± 0.5)% and
Λ0b (3.0± 1.5)% are applied [5]. Correlations in the B0 and B− branching fraction measurements
have been taken into account. See Ref. [17] for more information.
Particle τ (ps) BSL (%) BSL (%)
measured measured used
B0 1.520± 0.004 10.30± 0.19 10.30± 0.19
B− 1.638± 0.004 11.08± 0.20 11.08± 0.20
〈B〉 10.70± 0.19 10.70± 0.19
B0s 1.526± 0.015 10.24± 0.21
Λ0b 1.470± 0.010 10.26± 0.25
stage, based on information from the calorimeter and muon systems, followed by a software
stage, which applies a full event reconstruction. At the hardware trigger stage, events
are required to have a muon with large pT or a hadron, photon or electron with high
transverse energy in the calorimeters. For hadrons, the transverse energy threshold is
3.5 GeV. The software trigger requires a two-, three- or four-track secondary vertex with
a significant displacement from any primary pp interaction vertex. At least one charged
particle must have pT > 1.6 GeV and be inconsistent with originating from a PV. A
multivariate algorithm [10] is used for the identification of secondary vertices consistent
with the decay of a b hadron.
Simulation is required to model the effects of the detector acceptance and the imposed
selection requirements. Here pp collisions are generated using Pythia [11] with a specific
LHCb configuration [12]. Decays of unstable particles are described by EvtGen [13],
in which final-state radiation is generated using Photos [14]. The interaction of the
generated particles with the detector, and its response, are implemented using the Geant4
toolkit [15] as described in Ref. [16].
Selection criteria are applied to muons and Hc decay particles. The transverse mo-
mentum of each hadron must be greater than 0.3 GeV, and that of the muon larger than
1.3 GeV. Each track cannot point to any PV, implemented by requiring χ2IP > 9 with
respect to any PV, where χ2IP is defined as the difference in the vertex-fit χ
2 of a given PV
reconstructed with and without the track under consideration being included. All final
Table 2: Charm-hadron branching fractions for the decay modes used in this analysis. Note, the
Λ+c branching fraction has been significantly improved since the previous analysis.
Decay B (%) Source
D0 → K−pi+ 3.93± 0.05 PDG average [3]
D+ → K−pi+pi+ 9.22± 0.17 CLEO-c [18]
D+s → K−K+pi+ 5.44± 0.18 PDG average [3]
Λ+c → pK−pi+ 6.23± 0.33 From Refs. [19,20]
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Figure 1: Fit to the mass spectra of the Hc candidates of the selected Hb decays: (a) D
0, (b)
D+, (c) D+s mesons, and (d) the Λ
+
c baryon. The data are shown as black points with error bars.
The signal component is shown as the dashed (green) line and the combinatorial background
component is shown as the dashed (red) line. The solid (blue) line shows all components added
together.
state particles are required to be positively identified using information from the RICH
detectors (PID). Particles from Hc decay candidates must have a good fit to a common
vertex with χ2/ndof < 9, where ndof is the number of degrees of freedom. They must also
be well separated from the nearest PV, with the flight distance divided by its uncertainty
greater than 5.
Candidate b hadrons are formed by combining Hc and muon candidates originating
from a common vertex with χ2/ndof < 9 and an Hcµ
− invariant mass, mHcµ− , in the
range 3.0–5.0 GeV for D0 and D+, 3.1–5.1 GeV for D+s and 3.3–5.3 GeV for Λ
+
c candidates.
In addition, we define mcorr ≡
√
m2Hcµ + p
2
⊥ + p⊥, where p⊥ is the magnitude of the
combination’s momentum component transverse to the b-hadron flight direction; we
require that mcorr > 4.2 or 4.5 GeV for B
0
s or Λ
0
b candidates, respectively. For the
D+s → K+K−pi+ decay mode, vetoes are employed to remove backgrounds from real D+
or Λ+c decays where the particle assignments are incorrect.
Background from prompt Hc production at the PV needs to be considered. We use
the natural logarithm of the Hc impact parameter, IP, with respect to the PV in units of
mm. Requiring ln(IP/mm)> −3 is found to reduce the prompt component to be below
0.1%, while preserving 97% of all signals. This restriction allows us to perform fits only
to the Hc candidate mass spectra to find the b-hadron decay yields.
The Hc candidates mass distributions integrated over pT(Hb) and η are shown in
Fig. 1. They consist of a prominent peak resulting from signal, and a small contribution
due to combinatorial background from random combinations of particles that pass the
selection. They are fit with a signal component comprised of two Gaussian functions,
3
and a combinatorial background component modeled as a linear function. The total
signal yields for D0Xµ−νµ, D+Xµ−νµ, D+s Xµ
−νµ and Λ+c µ
−Xνµ are 13775000, 4282700,
845 300, and 1 753 600, respectively.
Background contributions to the b-hadron candidates include hadrons faking muons,
false combinations of charm hadrons and muons from the two b hadrons in the event,
as well as real muons and charm hadrons from B → DDX decays, where one of the
D mesons decays into a muon. All the backgrounds are evaluated in two-dimensional
η and pT intervals. The first two backgrounds are evaluated using events where the Hc
is combined with a muon of the wrong-sign (e.g. D0µ+), forbidden in a semileptonic b-
hadron decay. The wrong-sign backgrounds are < 1% for each Hc species. The background
from B → DDX decays is determined by simulating a mixture of these decays using
their measured branching fractions [3]. The only decay mode significantly affected is
B0s → D+s Xµ−νµ with contributions varying from 0.1% for D0D−s X to 1.8% for D+s D−s X
due to the large D+s → µ+ν decay rate. The total B → DDX background is (5.8± 0.9)%.
The dominant component in B0s semileptonic decays is D
+
s Xµ
−νµ, where X contains
possible additional hadrons. However, the B0s meson also can decay into D
0K+ or D+K0
instead of D+s , so we must add this component to the B
0
s rate and subtract it from the
fu + fd fraction. Similarly, in Λ
0
b semileptonic decays we find a D
0pX component. The
selection criteria for these final states are similar to those for the D0Xµ−νµ and Λ+c Xµ
−νµ
final states described above with the addition of a kaon or proton with pT > 300 MeV
that has been positively identified. A veto is also applied to reject D∗+ → pi+D0 decays
where the pion mimics a kaon or a proton.
These samples contain background, resonant and nonresonant decays. Separation
of these components is achieved by using both right-sign (Hc with µ
−) and wrong-sign
(Hc with µ
+) candidates. In addition, the logarithm of the difference between the
vertex χ2 formed by the added hadron track and the Dµ system and the vertex χ2 of
the Dµ system, ln(∆χ2V), provides separation between combinatorial background and
nonresonant semileptonic decays. True resonant and nonresonant B0s → D0K+µ−νµ
or Λ0b → D0pµ−νµ decays peak in the ln(∆χ2V) distribution at a value of unity while
the background is smooth and rises at higher values as the added track is generally
not associated with the D0µ− vertex. To distinguish signal from background we define
m(D0h)C ≡ m(D0h) − m(D0) + m(D0)PDG, and perform two-dimensional fits to the
m(D0h)C and ln(∆χ
2
V) distributions, where h = K
+(p) for right-sign B0s (Λ
0
b) decays.
The wrong-sign shapes are used to model the backgrounds. The resonant structures
are modeled with relativistic Breit–Wigner functions convoluted with Gaussians to take
into account the experimental resolution, except for the narrow Ds1(2536)
+ which is
modeled with the sum of two Gaussians with a fixed mean. The nonresonant shape for
the ln(∆χ2V) distribution is taken as the same as the resonant one. Figure 2 shows the
data and result of the fits for B0s and Λ
0
b candidates.
For the B0s case, we find 22 610 ± 210 Ds1(2536)+, 14 290 ± 260 D∗s2(2573)+, and
38 140± 460 nonresonant decays, confirming the existence of both the D+s1 [21, 22] and
D∗+s2 [22] particles in semileptonic B
0
s decays with substantially more data, and showing
the existence of the nonresonant component. To account for the unmeasured D+K0
channel we take different mixtures of D∗ and D final states for the different resonant
and nonresonant components. The D+s1 decays dominantly into D
∗, while the D∗+s2 decays
dominantly into D mesons [3]. For the nonresonant part we assume equal D∗ and D
yields.
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Figure 2: Projections of the two-dimensional fits to the (a) m(D0K±)C and (c) m(D0
( )
p )C
mass distributions and (b, d) ln(∆χ2V) for (top) D
0K±Xµ−νµ candidates, and (bottom) for
D0
( )
p Xνµ candidates. The curves show projections of the 2D fit. The dashed (red) curves
show the D+s1 and D
∗+
s2 resonant components in (a) and (b), and Λ
+
c (2860), Λ
+
c (2880) and
Λ+c (2940) resonant components in (c) and (d). The long-dashed-dotted (green) curves show the
nonresonant component, the dotted (black) curves are the background components, whose shapes
are determined from wrong-sign combinations, and the solid (blue) curve shows all components
added together.
In the Λ0b case, we find 6120±460 Λ+c (2860), 2200±200 Λ+c (2880), 1200±260 Λ+c (2940),
and 29 770± 690 nonresonant events. The decay rate into D0p is assumed to be equal to
that into D+n using isospin conservation. All decays with an extra hadron have lower
detection efficiencies than the sample without.
Efficiencies for all the samples are determined using data in two-dimensional pT
and η bins. Trigger efficiencies are determined using a sample of B− → J/ψK−, with
J/ψ → µ+µ− decays where only one muon track is positively identified, in conjunction with
viewing the effects of combinations of different triggers [23]. This sample is also used to
determine muon identification efficiencies. Decays of J/ψ mesons to muons reconstructed
using partial information from the tracking system, e.g. eliminating the vertex locator
information, are also used to determine tracking efficiencies using data and to correct
the simulation. Finally, the PID efficiencies are evaluated using kaons and pions from
D∗+ → pi+D0 decays, with D0 → K−pi+, and protons from Λ→ ppi− and Λ+c → pK−pi+
decays [24]. In the measurement of b-hadron fraction ratios many of the efficiencies cancel
and we are left with only residual effects to which we assign systematic uncertainties.
The b-hadron η and pT, pT(Hb), must be known because the b fractions can depend
on production kinematics. While η can be evaluated directly using the measured primary
and secondary b vertices, the value of pT(Hb) must be determined to account for the
missing neutrino plus extra particles. The correction factor k is given by the ratio of the
5
average reconstructed to true pT(Hb) as a function of m(Hcµ
−) and is determined using
simulation. It varies from 0.75 for m(Hcµ
−) equals 3 GeV to unity at m(Hcµ−) = m(Hb).
The distribution of fs/(fu +fd) as a function of pT(Hb) is shown in Fig. 3. We perform
a linear χ2 fit incorporating a full covariance matrix which takes into account the bin-by-
bin correlations introduced from the kaon kinematics, and PID and tracking systematic
uncertainties. The factor A in Eq. 1 incorporates the global systematic uncertainties
described later, which are independent of pT(Hb). The resulting function is
fs
fu + fd
(pT) = A [p1 + p2 × (pT − 〈pT〉)] , (1)
where pT here refers to pT(Hb), A = 1± 0.043, p1 = 0.119± 0.001, p2 = (−0.91± 0.25) ·
10−3 GeV−1, and 〈pT〉 = 10.1 GeV. The correlation coefficient between the fit parameters
is 0.20. After integrating over pT(Hb), no η dependence is observed (see the Supplemental
material).
We determine an average value for fs/(fu+fd) by dividing the yields of B
0
s semileptonic
decays by the sum of B0 and B− semileptonic yields, which are all efficiency-corrected,
between the limits of pT(Hb) of 4 and 25 GeV and η of 2 and 5, resulting in
fs
fu + fd
= 0.122± 0.006,
where the uncertainty contains both statistical and systematic components, with the latter
being dominant, and discussed subsequently. The total relative uncertainty is 4.8%.
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Figure 3: The ratios fs/(fu+fd) and fΛ0b
/(fu+fd) in bins of pT(Hb). The B
0
s data are indicated
by solid circles, while the Λ0b by triangles. The smaller (black) error bars show the combined
bin-by-bin statistical and systematic uncertainties, and the larger (blue) ones show the global
systematics added in quadrature. The fits to the data are shown as the solid (green) bands,
whose widths represents the ±1σ uncertainty limits on the fit shapes, and the dashed (black)
lines give the total uncertainty on the fit results including the global scale uncertainty. In the
highest two pT bins the points have been displaced from the center of the bin.
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Figure 3 also shows the Λ0b fraction as a function of pT(Hb) demonstrating a large pT
dependence. The distribution in η is flat. We perform a similar fit as in the B0s fraction
case, using
fΛ0b
fu + fd
(pT) = A [p1 + exp (p2 + p3 × pT)] , (2)
where pT here refers to pT(Hb), A = 1±0.061, p1 = (7.93±1.41)·10−2, p2 = −1.022±0.047,
and p3 = −0.107± 0.002 GeV−1. The correlation coefficients among the fit parameters
are 0.40 (ρ12), –0.95 (ρ13), and –0.63 (ρ23).
The average value for fΛ0b/(fu + fd) is determined using the same method as in the B
0
s
case. The result is
fΛ0b
fu + fd
= 0.259± 0.018,
where the dominant uncertainty is systematic, and the statistical uncertainty is included.
The overall uncertainty is 6.9%.
As a systematic check of the analysis method, and a useful measurement to test the
knowledge of known semileptonic branching fractions and extrapolations used to saturate
the unknown portion of the inclusive hadron spectrum, we measure the ratio of the
D0Xµ−νµ to D+Xµ−νµ corrected yields f+/f0. We subtract the small contributions from
B0s and Λ
0
b decays, and a very small contribution from B → D+s Kµ−X decays has been
taken into account [25], as in all the fractions measured above.
Assuming fu equals fd, Ref. [6] estimates the fraction of D
+µ with respect to D0µ
modes in the sum of B− and B0 decays as 0.387± 0.012± 0.026. The first uncertainty
comes from the uncertainties on known measurements. The second uncertainty comes
from the different extrapolations from excited D mesons used to saturate the remaining
portion of the inclusive rate.
The f+/f0 ratio must be independent of η and pT. To derive an overall value for
f+/f0, the pT(Hb) distribution is fit to a constant. Only the PID and tracking systematic
uncertainties on the second pion in the D+ decay need be considered. Performing a χ2
fit using the full covariance matrix we find f+/f0 = 0.359 ± 0.006 ± 0.009, where the
first uncertainty is from bin-by-bin statistical and systematic uncertainties, including
correlations, and the second is systematic. The χ2/ndof is 0.63, in agreement with a flat
spectrum. The measurement is consistent with the prediction and places some constraints
on the D∗∗ content of semileptonic B decays [6].
The dominant global systematic uncertainties are listed in Table 3. Simulation uncer-
tainties are due to the modeling of excited charm states for the fs/(fu + fd) determination
and the weighting required for the fΛ0b/(fu + fd) ratio, due to differences between the
simulated and measured pT spectra. Background uncertainties arise from DDX final
states with uncertain branching fractions. Cross-feed uncertainties come from errors on
efficiency estimates and the assumed D∗ to D mixtures. Other smaller uncertainties
depend on pT(Hb) and include tracking (0.2–1.8)%, particle identification (0.4–3.0)%,
trigger (0.3–3.9)% and k-factor (0.2–1.8)%.
In conclusion, we measure the ratios of B0s and Λ
0
b production to the sum of
B− and B0 to be pT(Hb) dependent (see Eqs. 1 and 2). The averages in the
ranges 4 < pT(Hb) < 25 GeV, and 2 < η < 5 are fs/(fu + fd) = 0.122± 0.006,
and fΛ0b/(fu + fd) = 0.259± 0.018, respectively. Using 7 TeV data, LHCb determined
fs/(fu + fd) = 0.1295± 0.0075 with a pT(Hb) slope larger than, but consistent with these
7
Table 3: Global systematic uncertainties. The D0 and D+ branching fraction uncertainties are
scaled by the fraction of each decay, f0 and f+ for fs/(fu + fd) and fΛ0b
/(fu + fd) uncertainties.
Source Value (%)
fs/(fu + fd) fΛ0b/(fu + fd) f+/f0
Simulation 1.7 2.4 –
Backgrounds 0.9 0.3 –
Cross-feeds 1.2 0.4 0.2
B(D0 → K−pi+) 1.0 1.0 1.3
B(D+ → K+pi−pi−) 0.6 0.6 1.8
B(D+s → K+K−pi+) 3.3 – –
B(Λ+c → pK+pi−) – 5.3 –
Measured lifetime ratio 1.2 0.7 –
ΓSL correction 0.5 1.5 –
Total 4.3 6.1 2.2
13 TeV results [26]; no dependence on η was observed. For the Λ0b baryon, the fraction
ratio is consistent with the 7 TeV measurements after taking into account the different
pT(Hb) ranges used [4,27,28]. We observe no rapidity dependence over a similar pT(Hb)
range as in Ref. [28].
These results are crucial for determining absolute branching fractions of B0s and Λ
0
b
hadron decays in LHC experiments. We also determine the ratio of D0 to D+ mesons
produced in the sum of B0 and B− semileptonic decays as f+/f0 = 0.359± 0.006± 0.009.
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1 Supplemental material
1.1 Relationships between rawHcµ
−X measured yields and cor-
rected yields
The corrected yields for B0 or B− mesons decaying into D0µ−νµX or D+µ−νµX, ncorr,
can be expressed in terms of the measured yields, n, as
ncorr(B → D0µ−) = 1B(D0 → K−pi+)(B → D0)× (3)[
n(D0µ−)− n(D0K+µ−) (B
0
s → D0)
(B0s → D0K+)
− n(D0pµ−) (Λ
0
b → D0)
(Λ0b → D0p)
]
,
where we use the shorthand n(Dµ−) ≡ n(DXµ−νµ). An analogous abbreviation
 is used for the total trigger and detection efficiencies. For example, the ratio
(B0s → D0K+)/(B0s → D0) gives the relative efficiency to reconstruct a charged kaon in
semimuonic B0s decays producing a D
0 meson. The second term in this equation accounts
for the D0µ− pairs originating from a B0s decay, such as B
0
s → D0K+µ−, while the third
term accounts for the D0µ− pairs originating from Λ0b semileptonic decays. These compo-
nents are determined from the study of the final states D0K+µ− and D0pµ−respectively.
The branching fraction B(D0 → K−pi+) appears because this decay mode is used in this
study. Similarly
ncorr(B → D+µ−) = 1
(B → D+)
[
n(D+µ−)
B(D+ → K−pi+pi+)
− n(D
0K+µ−)
B(D0 → K−pi+)
(B0s → D+)
(B0s → D0K+)
− n(D
0pµ−)
B(D0 → K−pi+)
(Λ0b → D+)
(Λ0b → D0p)
]
. (4)
Both the D0Xµ−νµ and the D+Xµ−νµ final states contain small components of cross-feed
from B0s decays to D
0K+Xµ−νµ and to D+K0Xµ−νµ, and from Λ0b decays to D
0pXµ−νµ
and to D+nXµ−νµ. Here we use isospin symmetry and infer the contributions by D+µ−
pairs originating from a B0s decay, such as B
0
s → D+K0µ−νµ from the D0K+µ− final
states, and the contributions from Λ0b → D+nµ−νµ from the D0pµ− yields.
The number of B0s → D+s Xµ−νµ decays in the final state is given by
ncorr(B
0
s → D+s µ−) =
n(D+s µ
−)
B(D+s → K+K−pi+)(B0s → D+s µ−)
−N(B0 +B−)B(B → D+s K0)
(B → D+s K0µ−)
(B0s → D+s µ−)
. (5)
In addition, the B0s meson decays semileptonically into DKXµ
−νµ, and thus we need to
add to Eq. 5 the term
ncorr(B
0
s → DKµ−) = κ
n(D0K+µ−)
B(D0 → K−pi+)(B0s → D0K+µ−)
, (6)
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where κ accounts for the unmeasured B0s → D+KXµ−νµ semileptonic decays. The
correction κ is evaluated using the known decay modes of the Ds1(2536)
+ and D∗s2(2573)
+
states and assuming that the nonresonant component of the hadronic mass spectrum
decays in equal portions into D or D∗ final states. The last term in Eq. 5 accounts for
D+s KXµ
−νµ final states originating from B0 or B− semileptonic decays, and N(B0 +B−)
indicates the total number of B0 and B− produced. We derive this correction using the
PDG value for the branching fraction B(B− → D(∗)+s K−µ−ν) = (6.1± 1.0)× 10−4, and
assuming the same rate for B0s decays using isospin invariance [3].
The equation for the ratio fs/(fu + fd) is
fs
fu + fd
=
ncorr(B
0
s → Dµ−)
ncorr(B → D0µ−) + ncorr(B → D+µ−)
τB− + τB0
2τB0s
(1− ξs)
−B(B → DsKµ
−)
〈BSL〉
(B → D+s )
(B0s → D+s )
, (7)
where B0s → Dµ represents B0s semileptonic decays to a charmed hadron, given by the sum
of the contributions shown in Eqs. 5 and 6, and the symbols τBi indicate the Bi hadron
lifetimes, that are all well measured [3]. We use the average B0s lifetime, 1.526± 0.015 ps.
This equation assumes equality of the semileptonic widths of all the b-hadron species.
This is a reliable assumption, as corrections in HQET arise only to order 1/m2b and the
SU(3) breaking correction is quite small, (−1.0± 0.5)% [5]. The parameter ξs accounts
for this small adjustment. The second term is the subtraction of the B−,0 → D+s KXµ−νµ
component that is reconstructed in the signal sample as described in Eq. 5. The BSL term
in the denominator is the semileptonic branching fraction of the B0s derived using the
equality of the semileptonic widths and the measured lifetime of the B0s, listed in Table 1.
The Λ0b corrected yield is derived in an analogous manner
ncorr(Λ
0
b → Hcµ−) =
n(Λ+c µ
−)
B(Λ+c → pK−pi+)(Λ0b → Λ+c )
+ 2
n(D0pµ−)
B(D0 → K−pi+)(Λ0b → D0p)
,
(8)
where Hc represents a generic charmed hadron. The second term includes the cross-feed
channel and the factor of two accounts for the isospin Λ0b → D+nµ− decay. The Λ0b
fraction is written as
fΛ0b
fu + fd
=
ncorr(Λ
0
b → Hcµ−)
ncorr(B → D0µ−) + ncorr(B → D+µ−)
τB− + τB0
2τΛ0b
(1− ξΛ0b ). (9)
While we assume near equality of the semileptonic widths of different b hadrons, we apply
a small adjustment ξΛ0b = (3.0 ± 1.5)%, to account for the chromomagnetic correction,
affecting b-flavored mesons but not b baryons [5]. The uncertainty is evaluated with
conservative assumptions for all the parameters of the heavy quark expansion.
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1.2 Table of b-fractions versus pT(Hb)
Table 4: Values of fs/(fu + fd) and fΛ0b
/(fu + fd) in each pT(Hb) bin. The first uncertainty is
statistical and incorporates both the uncertainties due to the data sample size and the finite
amount of simulated events, while the second is the overall systematic uncertainty, including
global and bin-dependent systematic uncertainties.
pT(Hb)[GeV] fs/(fu + fd) fΛ0b/(fu + fd)
4–5 0.125± 0.001± 0.007 0.324± 0.001± 0.025
5–6 0.125± 0.001± 0.007 0.281± 0.001± 0.018
6–7 0.122± 0.001± 0.006 0.257± 0.001± 0.017
7–8 0.125± 0.001± 0.006 0.245± 0.001± 0.017
8–9 0.116± 0.001± 0.006 0.227± 0.001± 0.015
9–10 0.120± 0.001± 0.006 0.210± 0.001± 0.015
10–11 0.121± 0.001± 0.006 0.194± 0.001± 0.013
11–12 0.116± 0.001± 0.006 0.191± 0.001± 0.014
12–13 0.116± 0.001± 0.006 0.172± 0.001± 0.013
13–14 0.122± 0.001± 0.007 0.159± 0.001± 0.012
14–16 0.112± 0.001± 0.006 0.165± 0.001± 0.012
16–18 0.107± 0.001± 0.006 0.136± 0.001± 0.010
18–20 0.115± 0.001± 0.008 0.126± 0.001± 0.010
20–25 0.111± 0.001± 0.007 0.109± 0.001± 0.009
1.3 Fraction ratios as functions of η
Figure 4 shows measurements of the fraction ratios fs/(fu + fd) and fΛ0b/(fu + fd) as
functions of η, integrated over pT. No η dependence is visible with the current data
sample.
η
2 3 4 5
uf
 
+
 
df
sf
0
0.05
0.1
0.15
0.2
0.25
LHCb
 = 13 TeVs
η
2 3 4 5
uf
 
+
 
df
b
Λf
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
LHCb
 = 13 TeVs
Figure 4: Measurement of the fraction ratios (a) fs/(fu + fd) and (b) fΛ0b
/(fu + fd) as functions
of η integrated over pT.
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1.4 Correlation matrices for the fits to fs/(fu + fd) and
fΛ0b/(fu + fd)
Table 5 shows the covariance matrix among the different pT(Hb) bins for fs/(fu+fd), while
Table 6 shows the covariance matrix among the different pT(Hb) bins for fΛ0b/(fu + fd).
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